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TZANGEIE TP T CCSD & — Fh i off 2
B LA AR AL 7 1127, CCSD /def2-TZ VP 4 AT LL g #1 h
B2 ORI B T I AE 45 0 . CCSD &5 s ]
FHFH1B DFT iH 509 & B . X M06-2X/def2-TZVP
F1 CCSD/def2-TZVP Wi A~ 51 AL i K E 17 T 1
AL, a5 RE I, M06-2X 1T DUAR I 7 BEUL A 5 1iF , %
B M06-2X 2 B XCiZ R il 98 i i B 2 — .
F 18R, M06-2X 454 def-TZVP F& 41 Fl 57 I A9
def2-TZVP B 20 LAk 1 JL AT TR 2 A 1 2 22 510 1,
X B R M06-2X/def-TZVP 4 I € 2 k4 & A TR
RN HE A 2 B R

] B 38 0 3 T P R 2 22 56 1, GFN2-xTB Al
PM7, GFN2-xTB 2 it ] DL # ¥ °& Kohn-Sham % i
PRSI A A R . R GFN2-xTB i H FiF £k
AR ZR ABNFER 1 P A] LUA H GEN2-xTB Al PM7 #8JC
PRI AR AR, AT R T B RS T Al R —
FHEIIN AR 2228 0, s BE R Dyyo

£ M06-2X/def2-TZVP ¢ 51 F 4k i = Fh 7S 1 35
9 L] S5 48, an &1 TR o NG 8 f o 119.73°,
119.89° 1 119.90°, Ht N, FI[ N, ]* #5542 3 T 120°,

Bond lengths of two kinds of bonds and point groups of [N,1*" optimized at different calculation levels

method HF exchange basis set R1/A R2 /A BLD point group
TPSSh 10% def2-TZVP 1.458 1.458 0.000 D,,
B3LYP 20% def2-TZVP 1.452 1.452 0.000 Dy,
HSEO06 20% def2-TZVP 1.433 1.433 0.000 Dy,
wB97XD 22.2~100% def2-TZVP 1.433 1.433 0.000 Dy,
PBEO 25% def2-TZVP 1.432 1.432 0.000 Dy,
BMK 42% def2-TZVP 1.442 1.442 0.000 D,
BHandHLYP 50% def2-TZVP 1.418 1.418 0.000 Dy,
MO06-2X 54% def2-TZVP 1.428 1.429 0.001 C,
MO06-2X 54% def-TZVP 1.435 1.437 0.002 C,
CCSD / def2-TZVP 1.442 1.446 0.004 C,
GFN2-xTB 0% / 1.468 1.468 0.000 D,
PM7 / / 1.373 1.373 0.000 D,

6h

Note: HF exchange is Hartree-Fock exchange composition. For range-separated functionals, the values before and after the ~ symbol are the compositions in short and

long ranges of interelectronic interaction, respectively. R1 and R2 are short and long N—N bond lengths. BLD is bond length difference, namely R2 minus R1.
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a. optimized geometries of N b.
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Fig.1 Optimized geometries of three hexazine rings at M06-2X/def2-TZVP level
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Table 2 Bond order calculated by various methods

compound  bond order MBO FBO WBO LBO
short N—N 1.360 1.646 1.948 1.151
N, long N—N 1.240 1.560 1.846 1.122
Diff. 0.120 0.086 0.102 0.029
short N—N 1.624 1.954 2.355 1.533
[N, ]* long N—N 0967  1.395 1.598  0.601
Diff. 0.657 0.559 0.757 0.932
short N—N 0.954 1.539 1.708 0.549
[N, 1" long N—N 0961  1.538 1.707  0.540
Diff. -0.007 0.001 0.001 0.009

HEA T N—N 8 BCP LT3 19 177 2 92 %5 (8] sR 3 .
TE U B, Vi BB (A X R T N—N B Y
A VT, 3K — A R W AE 3R 2 W R I P S B
o 5K N—NEEH L, 8 N—N & X%F 0 ) BCP H A7
TR HL %5 B p FI B B % B2 (G) , T Y 3 g 4%
(VIFBEREZE(H) .

BCP &b H, %5 J3 1 B 3 (&) S B 2 ) L ol 1 2%
JEE R SR 0 AT 1 8 A, R Bl R 0 A R D 25 K
BCP &by & fH 4 K o X 0 T A N—N 8 i) BCP b
0 e AR E X KRG N w B F T Ab w B
AH B AT FH X 8 8 1 BT R AS A 45

BCP &k 11 eta 5 54 () /INTF 1 B BB 45 DA kg X6F )37 4]
SC 2 M EAE R, O ELBE AN P BT A 3 5 i R . A Y
N—N 1K () N—N £ 1Y) » 4 0.847 1 0.844, % M

N XK XXXX 5 & XX & % XX# (1-8)



4 TN, B VERRI, ISR b
KBy 5 LA B 0 25 R T A S 2 A B s 1 AR AT ST BT o8

) Fisf, 22 b 52 245 [i) bR ARt ] DL R AE A2 5, A0 5 11
J2HL % R L BAE R B CELF) RN AR R %
(Pae) e puiE XL p=3 \p,", Hor p R FPR T FHLF
LM p e R ATE LIS AR R R ¥ T
W SRONBH I E K 3 R . EIHLILL

N-N=1.315 A N-N=1.301 A
p=0.416 p=0.422
V=-0.721 V=-0.752
G=0.228 G=0.242
H=-0.493 H=-0510
Vp=-1.062 Vp=-1.071
ELF=0.895 ELF=0.888
£=0.075 £=0.102
n=1.084 7=1.108

a. contour line map of Laplacian

of electron density (V’p) in N, plane

N-N=1.248 A e N-N=1.410 A
0=0.484 0=0.322
V=-0.952 V=-0.471
6=0.300 6=0.168
=0.652 H=-0.304
Vp=-1.407 V’p=-0.543
ELF=0.890 B ELF=0.670
£0.189 S & £0.106
=1.307 =0.852

mal ~

INJ

b. contour line map of Laplacian

of electron density (V’p) in [N, ]*" plane

N-N=1.429 A \ N-N=1.428 A
p=0.305 - p=0.306
V=-0.428 V=-0.430
G=0.155 G=0.156
H=-0.273 H=-0.274
V?p=-0.469 V’p=-0.474
ELF=0.867 ELF=0.868
£=0.177 £=0.178
7=0.844 7=0.847

INJ*

c. contour line map of Laplacian

of electron density (V’p) in [N, ]*" plane
B2 =0 oS R BRI H 2 R Az 0 R AR S 4 R
Fig.2 Contour line maps of Laplacian of electron density

(V’p) in three hexazine ring planes
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Theoretical Study of the Electronic Structure, Bonding properties and Aromaticity of Hexazine Anion [N ]*

JIANG Shuai-jie', ZHANG Guang-yuan’, XU Yuan-gang', WANG Peng-cheng', LU Ming'
(1. School of Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Gansu Yinguang Chemical
Industry Group. Co. Ltd, Baiyin 730900, China)

Abstract: To understand the properties of the novel polynitrogen compound hexazine anion [N,]*, computational chemical
methods were used to study the electronic structure, bonding properties and aromaticity of N, [N,]*" and [N, ]*. The M06-2X
method combined with the def2-TZVP basis set was used to optimized the structures and calculated the electronic structure fea-
tures, such as bond length, bond angle, dihedral angle, molecular size and so on. Subsequently, multiple bond orders were cal-
culated, using the atoms-in-molecules (AIM) theory to calculate multiple bond properties, and drawing the electron deforma-
tion density map to directly show the bond behavior. Finally, various aromatic indices were calculated to show the aromatic
characteristics of three hexazine rings. The calculation results show that by comparing with the electronic structure optimized by
CCSD, the M06-2X method in the common DFT method is suitable for studying the current system. Mayer bond order shows that
the N—N bond has a certain degree of o bond characteristics. The aromaticity study shows that the[N,]* is aromatic, with the
aromatic harmonic oscillator model (HOMA) value at 0.96 and the nuclear independent chemical shift (NICS,,(1)) at -18.97.
The IR, Raman and UV-Visible spectra of [N,]* were simulated to provide reference for experimental detection.
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The electronic structure, bonding properties and aromaticity of a novel polynitrogen compound hexazine anion [N,]* were

studied. The IR, Raman and UV-Visible spectra of [N,]*" were simulated to provide reference for experimental detection.
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